
Europaisches Patentamt 
European Patent Office 
Office europeen des brev ts 



© Publication number 



0 375 968 

A2 



® 



EUROPEAN PATENT APPLICATION 



(21) Application number: 89122032^ 
@ Date of filing: ^.11. 89 



® Priority: 29.12.88 US 291562 

<S) Date of publication of application: 
04.07.90 Bulletin 90/27 

<w) Designated Contracting States: 
DE FR GB IT NL 



® mt. ci.5: C08G 65/44 



@ Applicant: GENERAL ELECTRIC COMPANY 

1 River Road 

Schenectady New York 12305(US) 

@ Inventor Vanevlcius, John Peter 
Bethlehem Terrace, No. J197 
Sllngertands New York 12159(US) 



<S) Representative: Catherine, Alain 

General Electric France Service de Propriete 
Industrielle 18 Rue Horace Vemet 
F-92136 Issy-Les-Moullneaux Cedex(PR) 



0 Improved method for preparing low odor polyphenylene ether resin. 

® Odoriferous by-product compounds, e.g. 2.4.6.trimethylanisoIe. are reduced in a process for the production 
of polyphenylene ether resin in liquid aromatic hydrocarbon solution by continuously distilling and recycling the 
aromafic hydrocarbon solvent 
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IMPROVED METHOD FOR PREPARING LOW ODOR POLVPHENYLENE ETHER RES.N 



BACKGROUND OF THE INVENTION 



Po.yp.eny,ene ethers (a.so .cnown as P°lVP»^-V.e^^^^^^^^^^^ S 

industry, espedalty as engineering plastK» ^Pj=^^°- n ZZXT^^P^^^^^ ^^'^ 
recent years there has developed an increasing interest in employing p yh 

packaging applications. r^,,,^^- » i= essential that the polyphenylene ether be free from 

In many of these food paclcaging applicatons. it .s «f food. Various materials of 

materials Jhich are vola«.e. have ond^rabte odors o^ 3„,, ,3 dl-n- 

this kind may be present in polyphenylene ether resins. ^^"^ ^ polyphenylene ethers as 
butylamine. which are components of the catalys^ "J^tl^'^l^^TZ^ X phenols 
described hereinafter. Also present may be byproducts fonmed m ^^^^^^ i,4.phenylene ethers). 

from Which the polyphenylene ethers are ^-^^f^'^^J^'T.tTZ^^ C^-MD^'^)' ^'^ 

these frequently include 2.^.6-trimethylanisole (2.4^1^^^ 2.4.6-trimethylanlsole is 

dlhydrobenzofuran: 2,6-dimethcyck5hexanone and 2-ethylhex-2 enal. Hemo a 

particularly cnjdal because of its pronounced odor. ^ racvcled liquid aromatic hydrocartDon 

Con Jntionally. polyphenylene ether is "«nuf^r^ Sm^j^ds die to me continuous build up of 
solvent, which has a high concentration of ^^^^^^^ ^l^J^r^y^em ether monomer. A 
impurities in the solvent, as -'^-P-^^.^.S^/^^^IS'^^ causing undesirable 

high concenfration of odoriferous *^^'^S^^.^aDpHcatlon^^ as little as 10 parts per 

filed 6/13/88. attorney's docket 335-2039 (SCN^y. polyphenylene ether resin in the initial 

The present invention sets forth a me*od to produw a hw«^^^ ^ 2 ^ 5. 

produclion stage by reducing phenolic '^^^''^thf reS?ctiri^W«^amlne components during 
trimethylanisole and 7-methyldihydrobenzofuran. but not the reduction or res u 

post-production extrusion stages. 



DESCRIPTION OF THE DRAWINGS 



polypS^ »s*. t«e*,Ua ca,.»fn9 practice Of » ln«n»n 

SUMIHARV OF THE IMVEHTION 

Accord.^ to the present .nven«on there a. provided^^^^^^^^ 
polyphenyiei ether resin comprising ^^^f^^J^^^I^^ a P^^^^^^^ ^^^.^ ,^^^,,^3 

normally liqtid aromatic hydrocartDon in a ^f'^l^^^''^ g 'ci^ alcohol to the polymer solution 
are substantially complete and recovenng said resin by addition or a o, 
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and recovering and recycling said aromatic hydrocarbon containing said by-products, in which the 
improvement comprises separating said aromatic hydrocarbon and said by-products and distilling to reduce 
the content of sad by-products and thereafter recycling said aromatic hydrocarbon essentially free of by- 
product, to the polymerization zone. , ,o ev. 

Preferably the polyphenylene ether comprises poly(2.6-dimethyl-1.4.phenylene ether). poly(2.6)- 
dimethyl-co-2,3.6-trimethyl-1 .4-phenylene ether) or a mixhor thereof; the phenol feed into the reactor 
comprises 2.6-xylenol; the reaction solvent comprises toluene: the reaction catalyst compnses a complex 
copper amine; and the Ci to Cs alcohol comprises methanol. 

Essential to the present invention is a distillation process to remove impurities from the toluene recycle. 
Preferably the distillation process comprises a distillation column of 45 sieve trays and reduces the 7- 
methyldihydrobenzofuran concentration to from, about 0J5 to about 50 parts per million, and the 2.4.5- 
trimethylanisoie concentration to from about 0 to about 5 parts per million in the distilled toluene recycle. 

DETAILED DESCRIPTION OF THE INVENTION 



The polyphenylene ethers to which the present invention is applicable are known in the art and are 
described in numerous publications including Hay. U.S. 3.306.874 and 3.306.875 and generally comprise a 
20 plurality of structural units having the formula 




In each of said units independently, each Q, is independently halogen, primary or secondary lower alkyi 
a e alkyI containing up to 7 carbon atoms), phenyl, haloalkyi, aminoalkyl. hydrocarbonoxy. or halohydrocar- 
bonoxy wherein at least two carbon atoms separate the halogen and oxygen atoms; and each Qz is 
independently hydrogen, halogen.. primary or secondary lower alkyl. phenyl, haloalkyi. hydrocarbonoxy or 
halohydrocarbonoxy as defined for Q, . Examples of suitable primary tower alkyl groups are mettiyl. ethyl, n- 
pSTpyl. n-butyl. isobutyl, n^yl. isoamyl. S-methylbutyl. n-hexyl. 2.3<limethylbutyl. 2-. 3- or -4-mett|ylpen- 
^1 and the corresponding heptyl groups. Examples of secondary lower alkyl groufw are ^sopropyl. sec-butyl 
and 3-pentyl. Preferably, any alkyl radicals are straight chain rather than branched. Most often. Q, is 
alkyl or phenyl, especially C- alkyl. and each Qa is hydrogen. Suitable polyphenylene ethers are 
disclosed in a large number of patents. The integer n is at least 50. ..... ^ , 

Both homopolymer and copolymer polyphenylene ethers are included. Suitable homopolymers are 
those containing, for example. 2.6<limethyl-1 .4.phenylene ether units. Suitable copolymers include random 
copolymers obtaining such units in combination with (for example) 2.3.6-trimethy 1-1 .4-phenylene ether 
untts Many suitable random copolymers, as well as homopolymers. are disclosed in the patent literature. 
^ Also Included are the coupled polyphenylene ethers in which the coupling agent is reacted in known 
manner with the hydroxy groups of two polyphenylene ether chains to produce ! J^jf ^^^f^^^!!^^^^ 
polymer containing the reaction product of the hydroxy groups and the coupling agent. Illustrative coupling 
agents are low molecular weight polycarbonates, quinones. heterocycles and formats. , ^ , 

The polyphenylene ether generally has a number average molecular weight J^ST^J*^^ 
3 000 - 40 000 and a weight average molecular weight within the range of about 20.000 - 80.000. m 
determined' by gel penneation chromatography. Its intrinsic viscosity is most often in the range of about 
0^5 - 0.6 dUo., as measured in chloroform at 25 C. 

The polyphenylene ethers are typically prepared by the oxidative coupling of at least one con-espond- 
ino monohydroxyaromatic compound. Particularly useful and readily available monohydroxyaromatic com- 
^ pounds are 2.6.xylenol (wherein each Q, is methyl and each Cb is hydrogen), whereupon the polymer may 
be characterized as a poly(2.6-dimethyi-l .4-phenylene ether), and 2.3.6.trimethylphenol (wherem each Q, 
and one Qz is methyl and the other Cb is hydrogen). 
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A v«„ 0, =^.1,=. systems ». Mown ,« ^ 

catalysts are disclosed, for example. In U.S. ^^^^"^Jf'^f t^S^ Iodide) ions and at least 

are usually combinations of cuprous or cupnc .ons. hal.de (i.e.. chlonde. orom 

one amine. ,^n«!titute a second preferred class. They are 

Catalyst systems containing manganese '=o"^P°";**^ ^"^JS '^h anions as halide. alkoxide or 
generally alkalL systems in which divalent «! ^'^'^^ ^"nT or more complexing and/or 

phenoxide. Most often, the manganese .s PJ^^ert M a ^^^^^e^ omega-hydroxyaromatic ai- 

chelating agents such as dialkylam.nes, ^^''^'''^]J^^^^ polymeric), o-hydroxyaryl oximes 
dehydes S^ydroxyazo compounds. beta.hyd[°'^yox,mes ^^^^^ '^s^ulSe manganese and cobalt- 
and /.-dilcetones. Also useful are known ^'^^•^1'^^^^^^^^%^^ in the art by reason of 
corrtainlng catalyst systems for polyphenylene ether preparation are 

disclosure in numerous patents and publicatons. -^p^esls such as 2.4.6-trimethylanisole and 7- 

The odoriferous impurities, by-products °*^,^,"^;r°r^^^^^^^ distillation. The distillation may 

methyldihydrobenzofuran and removed from the toluene "V^^Sz^^liQ toluene stream is fed into a 
be perforJ^ed in any suitable conventional d.st.«a^n colu^ ^J/^^^v^por and liquid phases of the 
colurr^n shell comprising various plates or "^^^^l^^Zoa the enlosed column. The toluene 
feed material into intimate contact, stacked one "^^"^J^"^ at the top of the column. v*ile the 
solution is boiled and the pure toluene ^apor .s a)«ected ^ ^^^J'^^^^ ^^mber of trays necessary .s 
Impurities remain liquid and are collected ^^^^'"f "^^^^^^'^SS type of tray used. Suitable for the 
dependent upon the degree of purity des.red 'l^.^^^^^J^'^^es \n number, 
practice of this invention are sieve type trays ranging uvdrS:^ essentially free of by-product 

Distillation is carried out to render the '^^V^f recycle aromatic 

content. Essentially free is defined as zone results in a very low 

hydrocarbon such that recycling the aromatoc *'y*»'^°"^?J,''°^^^^ recycle aromatic hydrocarbon is 
Odor product resin. Preferably, the ^'^'^^J^^';^^Z.e^Lr^n is reduced to less than 
reduced to less than about 5 parts per million and ^^^""^^ ^^ solution with recycle toluene 36 
about 50 parts per million. Referring ^^^'f^^f ^^'""^^fe^CCrsolutlon 6 is preconcentrated in 
and fed into reactor 4 where polymenzation P^J* J^^^^q. The preconcsntrate is transported 
vessel Swhere^ some of the toluene solvent is ««P^^J^^'"^^j^^«r methanol solvent introduced 
through conduit 12 into an Isolation tonk l ^ ^^^^^^ the ^^'"^^ P J"=jPXd is removed through exit port 16 
throulh mlet 18 to remove the remaining ^'^^^J^^^^^ ^^Ze6 thrpugh conduit 20 into solvent 
as low odor product resin. The toluene-meth^ol mi^ra^^^^^^^ 9 ^4. Recovered toluene .s 

recovery system 22. Waste from ^'''^ Z^^ c^ZVbo^msleste are withdrawn through line SB 
fed through conduit 26 Into disBllatton column 30. ^r^^"™" 34. jhe toluene distillate stream 32 

amd meiged v«th stream 24 and sent to ^''^^^^.X^l^^o^^^'^^ ^'^^ "'^ 
is mergMl with previously separated toluene stream 10 to fomn pu 

through conduit 36 to reactor 4. „ ^ detailed, schematic of tow odor PPE 

-^.e flow diagram of Rgure 2 shows f^^"^^^-^!^ ^ preconcentrator 10' and the stream 
producfcn; ho^er. the strearn fed into the recycle toluene 

comprising toMene recovered from J^,'"^*^^'. ^^^^^^^J^^ed tolue^ stream 26 is distilled In Figure 3. 
porfficalio^ distlllatton column instead of after Only ^^^^^^^^^.^^ of PPE. referring to Rg. 1 . a 
For comparison purposes, in the P™?^^^^ reactor 4 whete polymerisation takes 

monomer 2 Tput Into solution wHh recycle toluene 36 and f^ '^'^^^ ^oval system 86 

plaSe ?he p)lymer solution Is then fed ""^^^^ "^pt^^^^^ re introduction of a "washlng- 

whefein the^Uer solution is freed from f^^^^^Z^T^B po\ywer solution is then fed into 
liqid LougJ^S^duit 38 Which is ^^f^ ^T^'^l^J^- so^^"' - ^^P^^^J "l' 

ai preconcentration vessel 8 through ^"^'f^^^^Xl tS^u^ conduH 12 into an isolation and drying 
romoved in conduit 10. The preconcentrate .s ^^^^"^^ -.^uOon and drying vessel, the resinis 
>.essel 14. v*h emulsion water introduced ,3 to remove the remaining toluene. The 

precipitat d wHh methanol solvent Infroduced mmugh^^^^^ 

Poly 1 resh Is dried and removed *^T?l;t=r<S^d"rt^^^^^ ^ ^ 

is removed through conduit 20 ^^^^'^J^Z r^^^'^t^^tBi from the methanol. The methanol fracjon 
?3^?eCeXt trir ^IZr^^'^- .s - - methanol dis.lla«on column 2. The 
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purified methanol is taken from the top of the column 22 through conduit 18 for feeding 
Z drying process. Waste from the column 22 is removed from the bottom as blowdown 24^^chon 
wate??orS tfie column 22 is removed in conduit 44 and joined with conduit 20. The toluene fcjo" 
S ieSer 46 is removed though conduit 52 and fed into solvent column 54. Methanol ■«,hich 

s remaining in the toluene fraction is removed from the solvent column 54 top through conduit 70 and la^er 
Sned wSh conduit 20. The solvent column 54 bottoms are fed through conduit 60 '"to solvent vap^^^^^^^ 
S Purified toluene is removed from the evaporator 56 top through conduit 68. Evaporator 56 bottoms exit 
through conduit 62 and are fed into Parlcson unit 58. Parkson bottoms are remo^ej ^'"''^^^J^^'l^r^.l 
toluene recovered from the Parkson unit 58 is transported through conduit 66 and joins ^ondurt 68 to 

10 font* conduit 26 containing purified toluene. Conduit 26 later combines v«th toluene conduit 10 from the 
nrecnncentrator 8 to form recycle toluene conduit 36. , ' . . . * ^ • 

ng 2 shSis a similar production process, except that after conduits 26 and 10 join are fed mto 
anothi column 30' for further purification. The column bottoms are transported through conduit 28 to 
STsTn iStoms and the recovered toluene Is transported through conduit 32 to form punfied recycle 

,5 tolue^^^^ndjjt 36 .^^^^^^^^ ^^^^^^ ^ substantially lower amounts of 

odoriferous impurities in- the final resin product, resulting in the production of low odor resin. 
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DESCRIPTION OF PREFERHED EMBODIMENTS 

The following examples illustrate the present invention. They are not to be construed to limit the claims 
in any manner whatsoever. 

EXAMPLE 1 

A solution of ae-xylenol monomer containing 500 parts per milBon of 2.4.6-trimethylani50le tesed on 
mon^me^S^lved in toluene is fed into a po.y(2.6<limethyl-1 .4-phenylene ether) pilot P'««^*^- 
mS in Rgure 3. The monomer is allowed to polymerize in toluene solution in the presence of aid 

copper amine catalyst to fom, a polymer/toluene solution. The cjalyst ,s ^"'^^ « 
SoSrSTnteiDunent extraction with nitrilotriacetic acid dissolved in water. The polymer .s P'^c-P-tated by 
aSoH? methanol and is collected as product The resin contains only 25 parts per million by we^ht of 
2 4Smeth7anisole. The toluene .«»vered from the methanol-toluene mixjre in a 
fs serrt to a distillation column for purification and recycled to the pclymenrabon zone. A control sample is 
LXly prep?^ Txcept that the Lyde toluene purification distillation column Js <«Tuttod as d|agr^- ^ 
rPigl 4.'^This product. poly(2.6.dimethyM .4-phenylene 'SS^nSmn 
intent and contains 300 parts per million by weight The results, together with the distllation column 

Specifications, are set forth in Table 1 fc>6low. 
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TABLE 1 
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PPE 2.4,6-TMA CONTENT 

Exampie 

Distillation Col umn 

Trays, number 
Column diameter, ft 
Feed Rate, gpm 
Bottoms Rate, gpm 
Reflux Rate, gpm 
2.4,6-TMA con c« in distillate, ppm 

PPE Properties 

2,4,6-TMA in a monomer feed, ppm 
2.4.6-TMA I n product resin, ppm 

•Control Sample 



500 
300 



25 



to only a slight reduction o1 2.4.6-trimetnyiani5oie u 
duced with an unpurified toluene recycle. 
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EXAMPLE 2 

precorSaSSc recycle s«am » th. distliwlcn except « BU»». 

TABLE 2 
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PPE 2 4.6-TMA CONTENT - COMBINED 

RECYCLE 



Example 

DtstiHati on Column 
Trays, sieve, # 

2,4,6-TMA cone, in distillate, ppm 



PPE Properties 
2.4.6-TMA in a product resin, ppm 
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dimethyhco-2.3.6-trimelhyl-1.4-phenylene ether) or a mixture thereof may be 

2.6-xylenol monomer feed, a different monohydroxyarcmatic compound such as 2.3.6.tnmethyrphenol may 

^ "IS^' catalyst and catalyst removal compounds may also be modified. Instead of using a complex 
copper amine catalyst, a variety of other heavy metal catalysts complexes rnay be used ^^^^l^^^ose b jed 
on manganese or cobalt Normally liquid aromatic hydrocarbons such as benzene, o-, m- and p-xylene. 
dodecylbenzene. dinonylnaphthalene. mixture of any of the foregoing and the Hke can be used. 
All such other obvious modifications are within the full intended scope of the appended claims. 



70 



Ctaims 



• 1 In a continuous pnjcess for the preparation of a polyphenylene ether resin compnsjng o>adabvely 
couprmg a phenol with a catalyst in a solvent comprising a normally liquid aromatic hydrocarbon .n a 
,5 polymerization zone until fomiatlon of said resir, and by-products are substantially complete ^n^ recovering 
Sd resin by addition of a C, -Cs alcohol to the polymer solution and recovering and recycling said aroma^c 
hydroSLn Sntaining said by-products, the improvement which cornprises sepa^ng ^j^^ 
hydrocarbon and said by-products by distilling to reduce the content of said by-products and thereafter 
recvclino said aromatic hydrocarbon essentially free of by-products to the polymerization zone, 
recycling s«a^ ^ ^^^y^ ^ ^^^^^.^ polyphenylene ether comprises poly(2.6Hiimethy^^-i .4- 

phenylene ether). poly(2.6-dimethyl-co-2.3.6-trimethyl-l.4.phenylene ether) or a mixture thereof, said liquid 
aromatic hydrocarbon comprises toluene and said C-Ce alcohol comprises methanol. 

3 A process as defined In Claim 1 wherein said phenol fed into the reactor compnses 2.6-xytenol. 

4 A orocess as defined in Claim 1 wherein said catalyst comprises a complex metal amine catalyst. 

as s'. A process as defined in Claim i vrtierein said complex metal amine catalyst compnses a copper 

6^ ? prSiss as defined in Claim 2 wherein said recycled toluene is distilled in a distillation column 

"^Ta pn^esT^ Sid in Claim 1 wherein said polymerizaBon Is carried out to fomr, a polyphenylene 

30 ether resin comprising at least about 50 repeating units. Hi^-iiino said aromatic 

8 The process as defined in Claim 1 wherein said improvement compnses dishlling s^d aromatoc 
hydrtsarSn and said by-products to reduce the content of 2.4.6-trimethylanisole .n said aromatic hydrocar- 
bon 10 less than about 5 parts per million by weight based on sa|d aromatic hydrocarbon. 

9 l7e process as dSined In Claim 1 wherein by-product 7-methyldihydrobenzofuran (7-MDBF) .n said 
35 polyphenylene ether resin Is reduced to a range of from about 0£ to about 50 parts per million. 
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FIG. I 
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FIG. 3 
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@ Improved method for preparing low odor polyphenylene ether resln- 

@ Odoriferous by-product compounds, e.g. 2,4,6- 
trimethylanlsole, are reduced in a pn3cess for the 
production of polyphenylene ether resin in liquid 
aromatic hydrocarbon solution by continuously dis- 
tilling and recycling the aromatic hydrocarbon sol- 
vent. 



< 

00 

to 
o> 

in 

CO 



Ui 



Xenix Copy Centre 



037S968A3J > 




European Patent 
Office 



EUROPEAN SEARCH REPORT 




55Si^^ci^gP^ TO b¥S^^ 

i.^.— — " ... .^i^^^w^ oiKavb anoronriate. 



US-A-3 3b361 (J•^,^f,^|4V'•^ 

* Claims; column 2, lines 5 8 

* Claims; column 5, lines 28 4*: 

* Claims; figure; column 7. lines 30 



Retevtuit 
to daim 



1-9 



1-9 



1-9 



Application Number 



EP 89 12 2032 



CLASSmCATION OF TOE 
APPUCATION qnt. €1.5) 

C 08 6 65/44 



TECHNICAL nEUlS 
SEARCHED QxA. CU5) 



C 08 G 



Place of search 04-10-1990 

THE HAGUE * 



DERAEDT G. 



CAIEGORY OF CTTED DOCUMENTS 

X : paiiicuUriy relevant » ^fJj^JJ^^ rather 
Y iaiticiUariy relevant if <»;^^ ^ *" 

A. • tetooloffcal Badsground 
O wB-writtcn disclosure 
p - imame^ate document 



after the filing date ,.^„ 

i- i memfaerof ' tiT .'^e patat family, cortesponiteg 
docoment 



